INTRODUCTION
Cognitive dysfunction is a core component of major psychiatric disorders, such as schizophrenia, bipolar disorder (BD), and major depressive disorder (MDD). [1] [2] [3] [4] Although it was initially thought that cognitive impairments in MDD were state-related, there is increasing evidence suggesting that cognitive abnormalities per-sist beyond depressive episodes. [5] Longitudinal studies have shown that poor concentration, poor memory, and difficulty making decisions are common symptoms in patients with MDD and often persist in individuals who meet the clinical criteria for remission. [5] [6] [7] [8] [9] [10] Based on clinical ratings and patient self-reports, approximately 90% of 2,541 patients enrolled in the Sequenced Treatment Alternatives to Relieve Depression (STAR * D) study had difficulty with concentration and decision making. [11] Moreover, 22% of remitters reported residual cognitive difficulties. [10] In an earlier study, residual problems with apathy, inattentiveness, forgetfulness, word-finding difficulty, and mental slowing were reported in >30% of responders. [12] In addition to the subjective reports of cognitive difficulties in patients with MDD, numerous studies have used objective neurocognitive testing to delineate the deficits in patients with MDD and to identify clinical correlates that may be predictive of cognitive outcomes. The number of publications addressing cognition in MDD has risen sharply in the last decade ( Fig. 1) , reflecting the growing interest in cognition as a therapeutic target and emphasizing the need for standardized, validated assessment tools for use in patients with MDD. An exhaustive review of these results is beyond the scope of this publication. However, the following examples serve to illustrate limitations that are important to critically evaluating the literature in this area. Most studies designed to investigate specific cognitive deficits in MDD have been small, cross-sectional studies that used different patient populations and widely varying neurocognitive batteries (Table 1). As a result, not all studies measured impairment in the same cognitive domains, and the sensitivity of the assessment tools also varied. There is a lack of consensus in the field regarding the optimal instrument or battery to assess cognitive functioning in MDD. Thus, the aim of the present work is to briefly describe the most robust neurocognitive deficits reported in MDD to date, as well as to give an overview of the most commonly used scales and tasks to measure cognitive deficits in this population.
COGNITIVE IMPAIRMENT IN MDDM
Decades of research suggest that neurocognitive deficits are a major component of MDD, yet there is large variation both in the patient samples included in studies as well as the neurocognitive batteries used to assess cognitive impairment. Nevertheless, several recent meta-analyses suggest that there are several cognitive domains that do appear to be consistently affected in MDD. Although a comprehensive review of neurocognitive deficits in MDD is beyond the scope of the present work, we summarize findings from recent meta-analyses to provide an estimate of the most consistently affected domains.
Cognitive impairment appears to be present early in the course of the illness. One meta-analysis of data from 13 studies (15 samples) compared adults experiencing their first major depressive episode (N = 644; mean age, 39.4 ± 10.2 years) and healthy controls (N = 570) found that patients performed significantly worse than controls on a range of tests. [13] There were small to medium effect sizes in psychomotor speed, attention, visual learning and memory, executive functioning, attentional switching, verbal fluency, and cognitive flexibility. [13] Conversely, there were no differences between patients and controls on working memory and verbal memory. Some demographic factors, such as age and level of education, appeared to explain some of the heterogeneity in cognition; namely, it was found that patients were on average older than controls, which may have contributed to worse performance on tasks of psychomotor speed, visual learning, and executive functions. Higher levels of education in patients may have mitigated deficits in learning and memory, as well as attentional switching. Inpatient status, which may reflect symptom severity, was associated with slower psychomotor speed and poorer working memory, verbal learning and memory, and visual learning and memory. Subjects treated with antidepressant medications had better cognitive flexibility, but poorer memory and verbal learning than did subjects who were not taking antidepressants.
A recent meta-analysis, including patients with more chronic MDD, suggests that patients demonstrate significant impairment in response inhibition, cognitive flexibility, and semantic verbal fluency, with large effect sizes (Cohen's d = 1.18, 1.11, and 0.92, respectively). [14] Strategic planning and organization were moderately impaired (d = 0.44). Although only three of the 15 studies evaluated the effect of antidepressant medication treatment on cognition, results suggest that executive function improved with antidepressant treatment.
The importance of subsyndromal symptoms in MDD is highlighted in a recent study of 88 patients with remitted MDD (Hasselbalch et al., 2012) . [6] Compared with healthy controls, patients with remitted MDD demonstrated residual impairment on measures of processing speed and cognitive flexibility. Within the same sample, the cumulative duration of depressive episodes [32] Remission from MDD [6] First MDD episode [13] Executive function in nonpsychotic MDD [51] Reasoning was correlated with the degree of global cognitive impairment, even when controlling for current depressive symptoms. [15] This suggests that as the disorder progresses cognition becomes more impaired. Moreover, the presence of psychotic features during a period of previous depression was associated with worse cognitive functioning in the remitted state. [15] In a systematic review by Hasselbalch et al. (2011) , including 11 studies for a total of 500 remitted unipolar depression patients and 417 healthy controls, it was found that not only the severity of depressive symptoms, but also the melancholic subtype negatively affect cognition. Authors also showed that early onset was mostly associated with deficit on episodic memory, whereas executive functions and processing speed were more affected in late-onset patients. [5] It was also reported that a higher number of depressive episodes is associated with more pronounced cognitive deficits. [8, 16] No correlations were found between residual cognitive symptoms and treatment with antidepressants, antipsychotic agents, anticonvulsive mood stabilizers, or numbers of electroconvulsive shock treatments.
In a very recent meta-analysis of cognition in euthymic MDD including 27 studies (895 euthymic MDD patients and 993 healthy controls), Bora et al. (2013) showed that euthymic MDD patients have somewhat lower global cognition compared to healthy subjects (d = .47). [17] It was also found that MDD patients underperformed compared to healthy subjects in tasks measuring attention, executive functions, working memory, and verbal learning with moderate effects sizes (d ranged from .39 to .59). Differences were noted between earlyonset (between 18 and 50 years, depending on the study) and late-onset patients (after 50-65 years), with earlyonset patients showing smaller effect sizes compared to controls in most of the cognitive domains and late-onset patients presenting with larger effect sizes on global cognition and in particular on verbal memory.
Overall, results from these studies support the notion that cognitive function is impaired in MDD, including early in the course of the illness and during remission. Moreover, certain aspects of cognitive dysfunction, such as psychomotor speed and memory, appear to be more strongly related to mood state. Others, such as attention and executive functioning more broadly, seem to be less affected by mood state variables and appear to be more trait-like in their presentation. [18] 
SOCIAL COGNITION IN MDD
In addition to the traditional neurocognitive domains described above, pronounced deficits in cognitive domains closely related to social functioning have been observed in MDD. These deficits have mostly been studied within the context of facial emotion recognition and perception, [19] [20] [21] attributional biases, [22] and, more broadly, within the larger context of Theory of Mind (ToM). Although a thorough review of these deficits is beyond the scope of this work, the evidence to date suggests that social cognition is impaired in MDD, and that this impairment is present early in the course of the illness. [23] A recent meta-analysis demonstrated that patients with MDD are impaired in perceiving facial emotional expressions; [24] in fact, there were no differences in the degree of impairment in this domain between patients with MDD and patients with BD. Similarly, attributional biases have long been known to be a traitlike feature of MDD, with patients tending to attribute negative events to personal and internal factors rather than to external factors. [22, 25, 26] There is some evidence that these attributional biases persist even in the remitted state. [27] Studies that have assessed the broad concept of ToM in MDD have done so using a variety of measures assessing a range of skills, such as the ability to detect a social faux pas, the capacity to understand subtle social cues, and the ability to appreciate humor. Recent studies suggest that patients with MDD are indeed impaired in these areas [23, [28] [29] [30] and that these impairments remain even after controlling for nonsocial cognitive impairment. [23] 
COGNITION AS A THERAPEUTIC TARGET IN MDD
Interest in cognitive dysfunction as a therapeutic target has highlighted some limitations in available methodologies used to understand their impact on everyday function, which is a critical factor of complete recovery. Research into cognitive disabilities in patients with schizophrenia and, to a lesser extent, BD is considerably more advanced than in individuals with MDD.
A decade ago, the National Institute of Mental Health and the US Food and Drug Administration, along with academic institutions and the pharmaceutical industry, established the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) initiative. [31] The result was the MATRICS Consensus Cognitive Battery (MCCB). [31, 32] Although the MCCB was originally developed to be used in clinical trials targeting cognition in schizophrenia, recent studies have demonstrated its suitability to effectively capture neurocognitive deficits in BD patients as well, regardless of their clinical state at the time of testing. [33, 34] There is a critical need to expand these efforts to the cognitive dysfunction associated with patients with MDD, yet very little work has been done in this area. Just as in other disorders, clinically significant improvement requires an amelioration of neurocognitive impairment. Furthermore, as neurocognition reliably distinguishes patients with MDD from controls, it is a logical endpoint, in addition to mood symptom status, for clinical trials. One hurdle that must be overcome in implementing this approach is the lack of neurocognitive measures traditionally employed in clinical trials.
ASSESSMENT TOOLS
The Hamilton Depression Rating Scale (HAM-D) [35] and the Montgomery-Åsberg Depression Rating Scale (MADRS) [36] are clinician-administered assessments of depressive symptoms that are the most frequently used depression rating scales in clinical trials. However, neither of these scales evaluates cognition in any depth and both rely on a clinician's subjective opinion based upon a patient's report. On the HAM-D, a single item assesses psychomotor functioning, whereas a single item on the 10-item MADRS assesses concentration.
[36] The 16-item Quick Inventory of Depressive Symptomatology (QIDS-16) assesses both of these items, but is also based on a subjective rating. [37] The patient-reported Massachusetts General Hospital Cognitive and Physical Functioning Questionnaire (CPFQ) assesses multiple cognitive symptoms in patients with MDD and is simple enough to be suitable for use in routine clinical practice as well. [38] However, it is important to note that a patient's subjective experience of cognitive dysfunction is not always related to performance on objective neuropsychological measures. A recent study compared outcomes using the clinician-administered Screen for Cognitive Impairment in Psychiatry (SCIP) with results from the CPFQ in patients with MDD. [39] There was no significant correlation between the severity of impairment measured with the SCIP and patient reports of cognitive symptoms. Although the SCIP is not validated in MDD, similar observations were made in patients (with BD) who complained of cognitive impairment. Subjective cognitive complaints in patients with BD have consistently been shown to be poorly correlated with objective performance on cognitive tests. [39] [40] [41] When patients with BD are directly compared with patients with MDD, similar rates of cognitive complaints are noted; however, more severe objective cognitive impairment is generally seen in patients with BD. [42] In this study, subjective cognitive impairment was significantly associated with the severity of depressive symptoms, but not with the categorical diagnosis of MDD or BD. This is perhaps not surprising, given the documented negative cognitive bias associated with depression that may cause patients to overestimate the severity of their impairments.
OBJECTIVE ASSESSMENT TOOLS: LESSONS LEARNED FROM MATRICS
Cognitive deficits are qualitatively similar in schizophrenia and bipolar and unipolar depression, with evidence of impaired underlying attention, verbal learning, and executive functioning across these diagnoses. [31] However, the severity of impairment differs between these disorders, with the most severe deficits seen in patients with schizophrenia, followed by BD, and the least severe deficits noted in individuals with MDD.
Although there are hundreds of standardized neurocognitive tests available, [43] it is important to consider the adoption of a more uniform battery when taking into account the similarities and differences seen among multiple neuropsychiatric disorders. Moreover, some cognitive tests may be optimized for use when considering treatment effects on neurocognitive functioning. The MCCB was developed with this in mind, with a specific focus on clinical trials for cognition in schizophrenia. It comprises 10 tests to evaluate seven cognitive domains: processing speed, attention/vigilance, working memory, verbal learning, visual learning, reasoning/problem solving, and social cognition (Table 1) . [32, 44] In validation studies in patients with schizophrenia, the MCCB demonstrated excellent test-retest reliability, small practice effects, and strong correlations with functional capacity. Better performance on tests of processing speed, visual learning, and attention/vigilance were found to be correlated with competitive employment, suggesting that these attributes were strongly correlated with functional capacity. [45] As the MCCB is among the most frequently used and most comprehensive neurocognitive assessment battery in clinical trials of psychiatric disorders, it may be helpful to use this battery as a reference in evaluating other tests used to measure cognition in MDD (Table 1 ). An assessment of MCCB suitability for use in BD clinical trials showed that this battery was generally adequate in this less severely impaired population. [34] Patients with BD were significantly impaired relative to healthy controls on all domains except reasoning/problem solving and social cognition. In this study (N = 80), results were similar for individuals who were euthymic and those who were mildly symptomatic, suggesting that subclinical mood symptoms did not appreciably affect performance. This study also highlighted the possibility that not all of the MCCB subtests are sensitive enough to assay the more subtle deficits common in nonpsychotic psychiatric subjects. For example, the effect size of the deficit noted on the Hopkins Verbal Learning Test was smaller than prior results found when using the more difficult California Verbal Learning Test. [34] Thus, when considering optimal assessment measures in affective disorders, including MDD, it is critical to determine which tasks will capture the expected variance in performance.
Although the MCCB is the most frequently used neurocognitive battery in clinical trials in schizophrenia, other cognitive batteries more specific to affective disorders have been developed. One such example is the Brief Assessment of Cognition in Affective Disorders (BAC-A), an extension of the Brief Assessment of Cognition in Schizophrenia. [46] The BAC-A comprises eight subtests that assess the domains of motor speed, attention, verbal memory, working memory, verbal fluency, reasoning and problem solving, emotion inhibition, and affective interference; these last two domains are not included in the BACS as they are thought to be particularly relevant to affective disorders. This battery is potentially wellpoised to effectively assay cognitive functioning in MDD and is currently being used in several ongoing clinical trials in this disorder. One potential problem, however, is the omission of tests that assess social cognition. As this domain is known to be altered in MDD, a battery that includes this domain would be ideal.
In order to assess the sensitivity of specific measures to detect cognitive deficits in patients with MDD, Lim et al. [47] recently conducted a meta-analysis of data from 22 studies that compared cognitive function in a total of 955 patients with MDD and 7,664 healthy controls (Table 2 ). Effect sizes were significant for all tests except the Finger Tapping Test, Trail-Making Test B, delayed verbal memory, and both immediate and delayed visual memory, suggesting that the majority of tests could discriminate between individuals with MDD and healthy controls. However, heterogeneity among studies using the same tests was statistically significant for all tests except the Finger Tapping Test and the Wisconsin Card Sorting Test, and neither age nor medication status could account for the substantial heterogeneity observed.
TREATMENT EFFECTS
At this time, there is no evidence to suggest that a formal assessment of cognitive dysfunction will facilitate diagnosis or inform choice of antidepressant medication in patients with MDD, nor are there any agents approved for the treatment of cognition in MDD. treatment response is inconsistent. There is evidence to suggest that antidepressants may improve cognition in patients with MDD, although this improvement is likely to require several months of treatment [18] and the effects of different antidepressant treatments and how they compare is not known. The importance of focusing on this domain in an effort to enhance quality of life and promote a more complete recovery is evidenced by ongoing clinical trials in patients with MDD that have cognitive measures as their primary endpoints. In preliminary studies, both the selective serotonin reuptake inhibitor escitalopram and the serotonin-norepinephrine reuptake inhibitor duloxetine were found to improve baseline scores for episodic and working memory as well as processing speed and executive function. [48, 49] Patients receiving duloxetine showed a significantly larger improvement than those in the escitalopram group; however, practice effects cannot be ruled out, as there was no placebo arm.
Nevertheless, neurocognitive improvement following antidepressant treatment is likely closely related to the improvement in depressive symptoms facilitated by the medication, and no specific procognitive effects of antidepressant agents have been described that are independent of broader symptom improvement. As such, it is not currently possible to disentangle the effects of antidepressant treatment and symptom improvement on neurocognition, leaving open the possibility of pseudospecificity. It is likely that neurocognition improves similarly with amelioration of depressive symptoms after psychosocial treatments, such as cognitive behavioral therapy, although this has not been well-studied. There is preliminary evidence that cognitive-emotional training directly targets problematic biases in MDD and is able to improve them, with concomitant improvements in depressive symptomatology. [50] These intriguing preliminary results suggest that nonpharmacological treatments may be able to target problematic cognitive biases as well as, if not better than, medication. In addition, the neurocognitive benefits of neuromodulatory interventions have not been well-studied. Further work is needed to separate the effects, if possible, of neurocognitive improvement, mood state, treatment type, and treatment response. Moreover, there is evidence that some aspects of neurocognitive impairment remain even in remission; [17] future work is needed to target this lingering dysfunction, particularly as it may increase risk for relapse.
FUTURE DIRECTIONS
Converging data suggest that cognitive impairment is a concern in patients with MDD. Although this area of research is still emerging, it is important to consider these deficits as possible treatment targets, as highlighted in ongoing work in patients with schizophrenia and BD.
Developing a standardized cognitive battery for use in MDD clinical trials is the obvious next step in assessing and treating patients with this disorder. Although this can be informed by prior work, such as the MATRICS initiative, the appropriateness of cognitive outcome measures in a disorder-specific manner should be considered. The evidence in MDD suggests that, for this disorder, tests that assess facial affect processing-in addition to the more traditional domains of psychomotor speed, fluency, verbal learning, and verbal memory-may promise the detection of cognitive changes that co-occur with treatment response. These cognitive tests can not only be informative in treatment trials, but can also be integrated with improved imaging techniques to develop a clearer understanding of the cellular and neurological pathologies underlying cognitive dysfunction in MDD and across diagnoses.
